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DETECTION OF OBSTRUCTING VEHICLES ON
: HIGH-SPEED ROADWAYS

BACKGROUND OF THE INVENTION

It is well-known that many serious accidents occur
on high-speed highways and freeways because on-com-
ing drivers fail to discover slow-moving or stopped
vehicles on these roadways before it is too late to avoid
a collision. Several attempts have been made to reduce
this problem by automatically alerting on-coming
drivers to the presence of the obstructing vehicles.
Some such suggestions have been based on scanning a
roadway with radar or beams of light or sound, but
none of these systems has been acceptable. For exam-
ple, in order for a signal to be received in the sensing
vehicle in these systems in adequate time to avoid colli-
sions, there must be a rather long unobstructed
straight-line path between the obstructing and on-com-
ing vehicles, and such a straight-line path is most often
not existent, because other vehicles are between the
obstructing vehicle and the sensing vehicle, because
the roadway curves or passes over a hill, etc. Further,
such systems lack precision in distinguishing obstruct-
ing vehicles from non-obstructions.

A different kind of prior suggestion has involved
electrical systems, such as described in U.S. Pat. Nos.
2,847,080, 3,068,448, and 3,159,826, in which the
roadway being protected is divided into blocks by plu-
ralities of electric conductor loops embedded in the
roadway. Electric currents flowing in the conductor
loops are modified by vehicles traveling on the roadway
and these current-modifications are used to actuate
devices warning on-coming drivers that a slow-moving
vehicle is present ahead. The warning devices may take
the form of signs or lights on the side of the road, or
they may take the form of devices within the on-coming
. vehicles actuated
roadway. : .

A major disadvantage with these suggested electrical
systems is their overwhelming complexity and cost. A
vast array of electrical conductors must be embedded
in the roadway, since the suggested systems require
loops of about car length all along the highway.
Further, additional circuit components are required for
each loop or small group of loops. The whole system
requires an expensive supply of electric power, and the
system is not fail-safe, because the electric power may
be interrupted. These disadvantages make it extremely
unlikely that the suggested electrical systems will ever
be commercially practical.

SUMMARY OF THE INVENTION

The present invention provides a workable, reliable,
and comparatively inexpensive method for limiting ac-
cidents between on-coming vehicles on a roadway and
obstructing vehicles, such as slow-moving or stopped
vehicles, in their path. In general, accidents are limited
according to this invention by

1. generating in vehicles traveling on the roadway an

electric signal that is representative of the actual
speed of the vehicles;

2. providing in the vehicles a standard electric signal

- that is representative of a standard speed for the

vehicles; :

3. feeding the vehicle-generated and standard signals

to comparing means in the vehicles for comparing

by radiations from a conductor in the .
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the signals and producing an output signal when
the signals differ by a predetermined amount;

4. transmitting the output signal produced in the
comparing means to on-coming vehicles on the
roadway; and

5. receiving the transmitted signal in the on-coming
vehicles and feeding it to accident-limiting
mechanism within the vehicles.

In some embodiments of this invention, the vehicle-
generated signal is generated in magnetic-flux-sensor
means within the vehicle by causing relative movement
between the magnetic-flux-sensor means and a mag-
netic-field-producing means. The relative movement is
at a rate that corresponds to the rate of rotation of the
road-engaging wheels of the vehicle. For example, in
one embodiment a magnet is mounted on the
speedometer cable of the vehicle, and a magnetic-flux-
sensor is mounted adjacent to the path of travel of the
magnet.

Also, in some embodiments of the invention, the
standard signal is generated in a reference oscillator
within the vehicle. The reference oscillator may be ac-
tuated, for example by operation by the driver of a
switch within the vehicle whenever the vehicle enters a
high-speed roadway.

In more preferred embodiments of the invention, the
standard signal is transmitted to vehicles traveling on a
roadway, and the frequency of the signal transmitted is
selected at a control center according to weather or
traffic conditions in the area controlled by the trans-
mitted signal. Also in these more preferred embodi-
ments of the invention, vehicles are traveling on a road-
way on which a sequence of magnets is installed in a
path parallel to the direction of travel on the roadway.
The vehicle-generated signal is developed on these
roadways in magnetic-flux-sensors mounted on the
vehicles in position to sense the fields provided by the
sequence of magnets.

In all of these systems, whenever a vehicle is travel-
ing a predetermined amount slower than is standard for
the roadway, a signal will be received in the vehicles
trailing the slow-moving vehicle to activate accident-
limiting mechanism within the trailing vehicles. In some
embodiments the accident-limiting mechanism is an
alert device, such as a flashing light, buzzer or the like,
and in other embodiments the accident-limiting
mechanism is mechanism within the vehicles that auto-
matically slows or stops the vehicle, such as shown in
U.S. Pat. No. 3,132,710.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of portions of an illustrative road-
way of the invention and two vehicles traveling on the
roadway; and

FIGS. 2 and 3 are schematic diagrams of illustrative
apparatus and circuitry used to practice the invention.

DETAILED DESCRIPTION

FIG. 1 shows a lead vehicle 10 and a trailing or on-
coming vehicle 11 traveling on a preferred roadway 12
of this invention, which has a sequence of spaced mag-
net segments 13 installed -in the roadway at a fixed
spacing. Most likely, vehicles traveling on such a road-
way will be controlled as to either or both speed and
direction through use of the sequence of magnets, in
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the manner described in my copending application,
Ser. No. 819,836. In brief summary, speed control on
such a roadway involves comparison as to frequency of
a standard signal with a signal developed in magnetic-
flux-sensor means mounted on the vehicles in position
to sense the fields of the sequence of magnets; the
speed of the vehicles is adjusted by operation, for ex-
ample, of the vehicles’ carburetor to bring the frequen-
cy of the standard and vehicle-generated signals into
balance. When vehicles are traveling on a roadway of
FIG. 1 under automatic speed control, this invention
will warn on-coming drivers when a lead vehicle is mal-
functioning so that it cannot maintain the standard
speed, or when a lead vehicle is stopped or leaves the
roadway because of an accident, or when a driver of a
lead vehicle deliberately slows the vehicle from the
standard speed. As indicated in my copending applica-
tion, the magnet segments 13 of a roadway shown in
FIG. 1 are preferably polymer-based magnets, which
comprise a tough organic polymeric matrix and parti-
cles of magnetic material uniformly distributed through
the matrix.

FIGS. 2 and 3 schematically show part of illustrative
apparatus and circuitry included according to this in-
vention in vehicles traveling on the roadway 12 shown
in FIG. 1. As illustrated, a standard signal having a stan-
dard frequency representative of the speed that vehi-
cles should be traveling on the roadway 12 is provided
in the vehicles by receiving it in an antenna 14 mounted
on the vehicles. The signal is broadcast from a trans-
mitter station such as transmitters alongside the road-
way, and the signal has a frequency that is generally
selected at some control center based on weather and
traffic conditions in the area controlled by the signal.
From the antenna 14, the signal travels to a receiver 15
and then to a pulse-shaper 16, which produces a
periodic signal consisting of pulses of equal height and
duration and at the standard frequency.

While the standard or reference signal is being
received in the receiver 15, a signal is being generated
in the magnetic-flux-sensor means mounted on the
vehicle, shown in FIG. 2 as speed-sensor 18, by travel
of the flux-sensors through the magnetic fields
produced by the magnet segments 13. The frequency of
this vehicle-generated signal is representative of the
speed that the vehicle is actually traveling. The
generated signal is also introduced to a pulse-shaper
19, which produces pulses that are at the generated
frequency and are equal in height and duration to those
produced in the pulse-shaper 16 but are of opposite
polarity.

The outputs from the two pulse-shapers are com-
pared or averaged to produce a direct-current average
signal in a signal comparator circuit 20, such as an R-C
circuit loop containing a capacitor and resistance in
parallel. It is not necessary for the two signals to be in
phase to obtain a comparison of the signals in such a
signal comparator circuit. If the frequencies of the stan-
dard and vehicle-generated signals are equal, there will
be a zero average signal from the signal comparator cir-
cuit. The greater the deviation between the frequencies
of the standard and vehicle-generated signals, the
larger will be the voltage of the average signal from the
signal comparator circuit. The polarity of the average
signal will be determined by whether the standard or
the vehicle-generated signal has the greater frequency.
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The comparing means of this illustrative circuit also
includes a voltage discriminator 21. One normal func-
tion for signals from the signal comparator circuit in a
vehicle traveling under automatic speed control on a
roadway of FIG. 1 is to operate a servo mechanism in
the vehicle to adjust the speed of the vehicle to the
standard speed. However, the signals are also fed to the
voltage discriminator 21, and when the vehicle is for
some reason traveling slower than the standard speed,
the voltage discriminator will pass output signals that
actuate an alert device 22 within the slow-moving vehi-
cle and will pass signals suitable for transmission to a
transmitter 23 from which the signal is transmitted
through an antenna 24. The voltage discriminator will
only pass a signal to the alert device or transmitter if
the frequency of the standard and vehicle-generated
signals differ by a predetermined amount, meaning that
the actual speed of the vehicle differs from the standard
speed by a predetermined amount that is regarded as a
safety hazard. The voltage discriminator may be pro-
grammed so that an activating signal is passed to the
alert device when there is a lesser deviation between
the standard and vehicle-generated signals than the
deviation required before a signal is passed to the trans-
mitter.

When the actual speed of the vehicle is less than the
standard speed by a predetermined amount, a signal is
transmitted through the transmitter 23 to vehicles trail-
ing the slow-moving vehicle. As shown in FIG. 3, those
signals are received through an antenna 26 on the trail-
ing vehicle and passed to a receiver 27. From the
receiver 27, the signal is conducted to a signal dis-
criminator 28 which recognizes danger signals and then
passes them in this illustrative circuit to an alert device
29. While FIGS. 2 and 3 show separate circuits, these
circuits will in many instances be combined in vehicles
of the invention. In addition to being received in on-
coming vehicles, the transmitted signal may be
received in alert devices on the side of the roadway to
activate those devices.

As examples of typical ways to program a voltage dis-
criminator 21 of FIG. 2 with respect to a roadway on
which the standard speed is 70 miles per hour, a warn-
ing to the driver only of a slow-moving vehicle might be
given if the speed of the vehicle dropped to 50 miles
per hour, while a warning signal might be transmitted
to trailing vehicles if the speed of the vehicle dropped
to 40 miles per hour or lower. In a preferred embodi-
ment, the signal conducted to the transmitter from the
voltage discriminator and then transmitted by the
transmitter is coded to indicate in the alert device in
the on-coming vehicle the specific mile-per-hour speed
of the slow-moving vehicle. If the lead vehicle has ac-
tually stopped, the signal transmitted in such a
preferred embodiment is also coded to indicate that
fact to the driver of the oncoming vehicle. In some em-
bodiments of the invention, when the signal received in
the on-coming vehicle indicates the speed of the slow-
moving vehicle ahead, the speed of the slow-moving
vehicle is compared in the on-coming vehicle with the
actual speed of the on-coming vehicle, and an alert is
given the driver of the on-coming vehicle only if the
two speeds are different by a predetermined amount.

As previously indicated, the principal concern of the
present invention is for a signal to be transmitted to
trailing vehicles whenever the actual speed of a lead
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vehicle is less than the standard speed by a certain
predetermined amount. However, the invention is also
useful to activate an alert device or transmit a signal
whenever the actual speed of a vehicle exceeds the
standard speed by a predetermined amount.-In this
latter situation, the transmitted signal may be-coded by
the voltage discriminator so that it is received by
highway patrol authorities, for example, or by vehicles
ahead of the vehicle traveling at the excessive speed.

As indicated earlier, instead of the standard signal
being received in a vehicle from a transmitter, it may be
developed in the vehicle by a reference oscillator. Such
areference oscillator is shown in broken lines in FIG. 2.
Also, ‘as previously indicated, the vehicle-generated
signal may be generated either by movement of mag-
netic-flux-sensor means in the vehicle relative to a mag-
netic-field-producing means, with the relative move-
ment being at a rate corresponding to the rate of rota-
tion of the road-engaging wheels of the vehicle. Such a
speed-sensor may be used instead of the speed-sensor
described for FIG. 2 above.

Comparison of the frequencies of standard and vehi-
cle-generated signals provides the most accurate way
for measuring the amounit by which a vehicle is deviat-
ing from a standard speed. However, other means may
be used for such a determination. For example, the
magnitude of a direct-current signal may be controlled
through use of the speedometer on a vehicle, with
pivoting of the needles of the speedometer adjusting a
resistance value that determines the magnitude of the
direct-current signal. Such a direct-current signal is
then compared on a potentiometer against a standard
signal, and any output signal is used to either alert the
driver of the slow-moving vehicle or to activate ac-
cident-limiting mechanism in on-coming vehicles as
described above. Similarly, instead of comparing the
frequencies of two alternating-current signals, the mag-
nitude of such signals can be compared, since the mag-
nitude of the signals varies depending on the speed with
which magnetic flux lines are cut by a magnetic-flux-
Sensor.

If it is desired that signals broadcast from a slow-
moving vehicle traveling in one direction on a roadway
not be broadcast to vehicles traveling in the opposite
direction on the roadway, the receivers in vehicles
traveling on roadways of the invention will be tuned to

different frequencies depending upon their direction of 50

travel. Such a tuning may be accomplished by manual
operation by a driver when he enters a roadway, or the
tuning may be accomplished automatically by transmis-
sion from a control center at the entrance of the road-
way.

When a vehicle leaves a roadway of the invention,
the circuitry shown in FIGS: 2 and 3 is preferably deac-
tivated, for example, by manual operation by the driver
of a switch in the vehicle or automatically by transmis-
sion from a control center at the exits of the roadway.

I claim:

1. A method for limiting accidents between on-com-
ing vehicles on a roadway and slower-moving or
stopped vehicles in their path comprising

1. generating in vehicles traveling on the roadway an

electric signal that is representative of the actual
speed of the vehicles;

6

2. providing in vehicles traveling on the roadway a
standard electric signal that is representative of a
standard speed for.the vehicles;

‘3. feeding the vehicle-generated and standard signals
to comparing means in the vehicles for comparing
the signals and producing an output signal when
the vehicle-generated and standard signals in-
dicate that the actual speed of the vehicles is
slower than the standard speed by more than a
predetermined amount;

4. transmitting the output signal produced in the
comparing means to on-coming vehicles on the
readway; and

5. receiving the transmitted signal in'the on-coming
vehicles and. feeding it to accident-limiting
mechanism within the vehicles.

2. A method of claim 1 in which an output signal is

produced and transmitted only when the vehicles are

20 traveling slower than the standard speed.

3. A method for limiting accidents between on-com-
ing vehicles on a roadway and slower-moving or
stopped vehicles in their path comprising

1. generating in vehicles traveling on the roadway an
electric signal having a frequency representative of
the-actual speed of the vehicles;

2. providing in vehicles traveling on the roadway a
standard signal having a frequency representative
of a standard speed for the vehicles;

3. feeding the vehicle-generated and standard signals
to comparing means in the vehicles for comparing
the signals and producing an output signal when
the frequencies of the vehicle-generated and stan-
dard signals indicate that the actual speed of the
vehicles is slower than the standard speed by more
than a predetermined amount;

4. transmitting the output signal produced in the
comparing means to on-coming vehicles on the
roadway; and

5. receiving the transmitted signal in the on-coming
vehicles and feeding it to accident-limiting
mechanism within the vehicles.

4. A method of claim 3 in which the standard signal is

45 transmitted to vehicles traveling on the roadway from a

transmitter station.

5. A method of claim 3in which the standard signal is
developed by apparatus within vehicles traveling on the
roadway.

6. A method of claim 3 which includes installing a
sequence of magnets along the roadway in a path paral-
lel to the direction of travel on the roadway, and
generating the vehicle-generated signal in said vehicles
by mounting magnetic-flux-sensor means on the vehi-

55 cles in position to pass through the magnetic fields

produced by the sequence of magnets.

7. A method of claim 6 comprising installing
polymer-based magnets as at least part of said installa-
tion of magnets.

8. A method of claim 3 in which the vehicle-
generated signal is generated in magnetic-flux-sensor
means within the vehicles by causing relative move-
ment between the magnetic-flux-sensor means and a
magnetic-field-producing means adjacent to the mag-
netic-flux-sensor means, the relative movement being
at a rate corresponding with the rate of rotation of the
wheels of the vehicle.
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9. A method of claim 3 in which an output signal is standard signals indicate that the actual speed of
produced and transmitted only when the vehicles are the vehicles is slower than the standard speed by
traveling slower than the standard speed. more than a predetermined amount;

10. Apparatus and circuitry for inclusion in vehicles 4. transmitter means for transmitting the output
to limit accidents between on-coming vehicles on a § signal produced in the comparing means to on-
roadway and obstructing vehicles in their path compris- coming vehicles on the roadway;
ng 5. receiver means for receiving the transmitted out-

1. generating means for generating in the vehicles an

byt . . ut signal; and
electric signal that is representative of the actual 6. paccident-limiting mechanism actuated by the
speed of the vehicles; 10 received output signal.

2. standard-signal means for providing a standard s . . .
electric signal that is representative of a standard 11. A'pparatus and clreuitry of claim 10 in which the
speed for the vehicles; comparing and transmission means produce and trans-

an output signal when the vehicle-generated and L
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